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Description 

BACKGROUND OF THE INVENTION 

Field of the Invention : 5 

[0001] The field of the invention is in motor vehicle 
transmissions providing increased fuel energy utiliza- 
tion efficiency. 

The Prior Art 

[0002] Conventional transmissions used in motor ve- 
hicles transmit torque from the engine to the wheels by 
two means: (1 ) the predominant torque transfer is "pass 
through", i.e., in response to the driver's command for 
more power, the flow rate of fuel is increased to the en- 
gine, the engine's torque is increased and the increased 
torque is "passed through" to the wheels (see Mode 1 
for a typical engine torque map - line "X" shown in Fig. 
1); and (2) when the driver's command for more power 
exceeds what the engine can supply at its initial speed, 
the driver must shift the transmission to a lower gear 
(either manually or by triggering the shift in an "automat- 
ic" transmission) to increase the engine's speed (see 
Mode 2 - line "Y" in Fig. 1, for example). Since power to 
the wheels at a given vehicle speed is proportional to 
engine torque times engine speed, power to the wheels 
is increased by either increasing engine torque (fuel flow 
rate at a given engine speed) and/or by increasing en- 
gine speed. There are two principal disadvantages of 
such transmissions: (1) the engine is usually operating 
in Mode 1 and thus supplies torque at an average effi- 
ciency much less than the optimum available (e.g., in 
Fig. 1 point A represents an average value while point 
B represents the optimum available efficiency at that 
speed) ; and (2) when a change of gear is needed, there 
is an interruption in the supply of torque to the wheels, 
manifested as a "jerk". Automatic transmissions smooth 
this "jerk" through a torque converter; however, in- 
creased inefficiency is the result. 
[0003] Much work has been devoted to replacing con- 
ventional transmissions and their inherent disadvantag- 
es. This work has focused largely on continuously vari- 
able transmissions (CVTs). Ideally, with a CVT an en- 
gine would operate along line "Z", the optimum efficien- 
cy line as shown on Fig. 1. CVT designs include me- 
chanical (e.g., variable ratio pulleys), electric (an electric 
generator driven by the engine "powers" an electric mo- 
tor connecting the wheels - modern train locomotives 
utilize this design) and hydraulic which operates much 
like the electric design. These designs offer some im- 
provements but still rely on Mode 1 (line "X" in Fig. 1 - 
increased fuel rate at a given speed or, more generally 
when speed is changing, increased fuel rate per com- 
bustion event), as the means of increasing engine 
speed to increase power to the wheels. However, oper- 
ation along the optimum torque curve shown as line "Z" 



in Fig. 1, leaves little remaining torque available above 
this optimum for rapidly increasing the speed of the en- 
gine (i.e., accelerating the rotating mass of the engine 
while overcoming increased friction) to quickly respond 
to the driver's command for increased power to the 
wheels. Rapid power response is a critical vehicle per- 
formance characteristic from a driver/customer's per- 
spective. 

[0004] There are two options currently recognized as 
improving the response of a CVT. The first option initially 
reduces the torque available to the wheels and applies 
this torque to accelerating the engine to the needed in- 
creased speed. However, this first option is commercial- 
ly unacceptable because it results, not just in hesitation, 
but in an actual loss of power to the wheels, completely 
contrary to the driver's command for more. The second 
option reduces the standard operating curve downward 
from optimum so that mere torque is available for Mode 
1 function (See line "W" in Fig. 1), therefore resulting in 
a further efficiency trade-off while still not achieving the 
power response of conventional transmissions that can 
fully utilize both Mode 1 and Mode 2. 
[0005] A drive train for a vehicle, as defined in the pre- 
characterizing portion of claim 1 , is known from US-A-3 
892 283. 

SUMMARY OF THE INVENTION 

[0006] Accordingly, it is an object of the present inven- 
tion to provide a third option that not only totally solves 
the power response constraint of conventional CVT de- 
signs, but also does so without the necessity of increas- 
ing engine torque (Mode 1 ) for the needed engine speed 
increase, and without the associated inefficiencies. 
[0007] Another object is to provide a power train for a 
vehicle which reduces emissions of NO x , C0 2 and other 
pollutants from motor vehicles. 
[0008] Still another object of the present invention is 
to provide a continuously variable transmission which 
both: (1 ) gives a continuous, smooth and rapid response 
to a driver command for an increase in power to the 
wheels; and (2) does so without the necessity of utilizing 
increased engine torque (and thus fuel consumption per 
engine combustion cycle) to increase engine speed, 
such increased engine speed being required to satisfy 
the new, increased power level required at the wheels. 
[0009] Yet another object of the present invention is 
to satisfy the above objectives while allowing for engine 
operation maintained at or near the optimum efficiency 
curve for the engine. 

[0010] Still another object is to provide the above 
functions by initially reducing the power supplied by the 
engine to the wheels, while still providing increased 
power to the wheels in response to the driver's com- 
mand. 

[0011] A further object is to utilize multiple drive mo- 
tors and, for hybrid applications, multiple generators 
(pumps), to maximize drive train efficiency. 



15 



20 



25 



30 



35 



40 



45 



50 



2 



EP 0 854 793 B1 



3 

[001 2] With a view toward realization of the above ob- 
jects, the present invention provides a drive train for a 
vehicle which has front and rear wheels as defined in 
claim 1. 

[0013] An electronic control unit (ECU) receives sig- 5 
nals representative of the vehicle speed, accumulator 
pressure and power demanded by the driver and out- 
puts control signals to the pump controller and the motor 
controller to govern the displacements thereof. In an 
embodiment employing plural fluidic motors, the ECU 10 
also functions to select for operation a fluidic motor dis- 
placement or combination of different displacements for 
different motors best suited for the detected vehicle 
power demand. 

15 

BRIEF DESCRIPTION OF THE DRAWINGS 
[0014] 

Fig. 1 is a graph of percentage of maximum engine 20 
torque versus engine speed for a typical engine, 
with curves showing percent fuel efficiency; 
Fig. 2 is a schematic diagram of a drive train in ac- 
cordance with a first embodiment of the present in- 
vention; 25 
Fig. 3 is a schematic diagram of a second embodi- 
ment of the drive train of the present invention'; 
Fig. 4 is a graph of the swash angle of a typical 
pump or motor, which may be utilized as one com- . 
ponent of the drive train of the present invention', 
versus operating pressure; with curves showing 
percent efficiency; . • -.v - • ■ - • : ; •*•;-- - 

Fig. 5 is a schematic diagram of a third embodiment 
of the drive train of the present invention; 
Fig. 6 is a schematic diagram of a fourth embodi- 
ment of the drive train of the present invention; 
Fig. 7 is a schematic diagram of a fifth embodiment 
of the drive train; 

Fig. 8 is schematic diagram of a. sixth embodiment 
of the drive train of the present invention; and 
Fig. 9 is a schematic diagram of the electronic con- 
trol unit of the present invention showing input sig- 
nals and output signals. 

DESCRIPTION OF THE PREFERRED 45 
EMBODIMENTS 

[0015] Fig. 2 shows a first preferred embodiment 
wherein a hydraulic CVT is combined with an accumu- 
lator, to provide a hydraulic, continuously smooth trans- so 
mission (hereinafter "CST"). An engine 1 delivers power 
to a hydraulic pump 2 which, in turn, delivers a flow of 
pressurized hydraulic fluid through line 3 to a hydraulic 
motor 4. The hydraulic motor 4 transforms the hydraulic 
power to torque which is supplied to the wheels 5. An 55 
accumulator 6 is also connected to line 3 and serves as 
an additional source of supply of a flow of pressurized 
hydraulic fluid to the hydraulic motor4. The accumulator 



6 contains a volume of gas and, as hydraulic fluid is 
pumped into accumulator 6, the pressure of the gas in- 
creases and energy is stored. When this stored energy 
is needed, the hydraulic fluid is allowed to exit the ac- 
cumulator 6 and supply power to the hydraulic motor 4. 
Since the exiting flow of hydraulic fluid from the accu- 
mulator 6 can be at a very high rate, the accumulator 
may be sized to store only a small quantity of energy, 
and this energy may be supplied in a very short period 
of time. Therefore, the system may be considered a high 
power device. A low pressure hydraulic fluid reservoir 7 
supplies fluid when accumulator 6 is being charged, and 
stores fluid when accumulator 6 is supplying power to 
the hydraulic motor. 

[0016] Referring again to Fig. 1 f if a vehicle's engine 
is operating at point C and the driver issues a command 
for power to the wheels corresponding to point D, i.e., 
depresses the accelerator pedal 26 (Fig. 2), the dis- 
placement of the hydraulic motor 4 is increased by motor 
controller 22 to increase power to the wheels 5 to the 
level corresponding to point D in Fig. 1. The greatly in- 
creased flow associated with the increased motor dis- 
placement can not be quickly supplied by the engine 1 
(Fig. 2) until its speed is increased (the problem previ- 
ously described) and, therefore, accumulator 6 supplies 
the increased hydraulic fluid flow while the engine speed 
is increasing. Thus, the CST delivers almost instanta- 
neous response to the driver's request for power to the 
wheels while maintaining the optimum engine operating 
characteristics, i.e. while allowing the engine to continue 
running at peak efficiency. The accumulator 6 can be 
small, only large enough to "fill in" hydraulic fluid flow 
while the engine speed changes (usually less than five 
gallons and probably for most applications closer to one 
or two gallons). 

[0017] In this preferred embodiment the pressure in 
accumulator 6 is monitored by a pressure sensor 30. 
The pressure sensor 30 and the accelerator pedal po- 
sition sensor 28 (or a throttle position sensor) send sig- 
nals to an ECU 32 (see Fig. 9) which in turn sends output 
signals for control of pump controller 20, motor controller 
22 and fuel supply 24. Thus, the change in the pedal 
position detected by sensor 28 is correlated with the 
pressure of accumulator 6 detected by pressure sensor 
30 to determine a new displacement setting for pump 2 
and a signal is sent from ECU 32 to controller 22 to reset 
the displacement of motor 4 to the new value. An in- 
crease in the displacement of motor 4 (when an in- 
creased pedal depression is sensed) will result in a drop 
in the system pressure and in accumulator 6 and, ac- 
cordingly, the ECU 32 sends a signal to pump controller 
20 to decrease the displacement of pump 2 in accord- 
ance with the drop in pressure so that the speed of en- 
gine 1 will rapidly increase corresponding to the new 
power demand. When engine 1 reaches the appropriate 
speed, the ECU 32 sends a signal to pump controller 20 
to increase the displacement of pump 2, satisfying the 
fluid power requirement and regaining the system set- 
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point pressure. 

[0018J The engine speed increase may be accom- 
plished by one of or a combination of several means. 
The engine will automatically adjust to a drop in system 
pressure by increasing speed, thereby maintaining a 
substantially constant torque output. However, perhaps 
the most cost-effective means of increasing engine 
speed is to reduce the displacement of pump 2 by con- 
troller 20. The combination of the reduced pressure of 
the system associated with the increased flow through 
the motor 4 and the reduced displacement of pump 2 
allows the engine output power to be shifted more to 
accelerating the engine. The power supplied to the sys- 
tem from engine 1 is directly proportional to the pump 2 
displacement and system pressure. A similar cost-effec- 
tive means of increasing the engine speed would be an 
engine "starter" motor (either electric or hydraulic) 
which, in combination with reduced system pressure, 
would rapidly accelerate the engine to the new, needed 
speed. Of course, the traditional means of increasing 
engine speed by increasing fuel rate (fuel quantity per 
combustion event) via 24 (Mode 1) could still be used, 
but would no longer be required. 
[0019] Power reduction, e.g., going from point D to 
point C in Fig. 1 , is handled in a similar manner as power 
increases except for one important difference. As the 
displacement of motor 4 (Fig. 2) is reduced, system 
pressure increases which inherently "drives" the speed 
of the engine to the required, new lower level. There is, : 
of course, no power response performance requirement 
for decreasing power demands. 
[0020] In the subject invention the accumulator may 
be replaced with an equivalent high power device, e.g;, 
an electric ultracapacitor in an electric drive transmis- 
sion. 

[0021] Fig. 3 illustrates a second preferred embodi- 
ment of the invention which is a variation of the embod- 
iment described in Fig. 2. This second embodiment in- 
corporates the concept of utilizing'more than one hyr 
draulic motor to optimize the efficiency of power delivery 
to the wheels, taking into consideration the extremely 
wide range of speed and power required at the wheels 
of motor vehicles. While a large motor is needed for rap- 
id acceleration of the vehicle, such a large motor will not 
operate efficiently at the more common light accelera- 
tions and cruising modes of vehicle driving. Fig. 4 shows 
percent efficiency on the operating map of a typical large 
hydraulic motor at a speed that would be geared to cor- 
respond to, for example, 50 miles per hour vehicle 
speed. Point A corresponds to the power level that might 
be required for a rapid passing maneuver while point B 
corresponds to a typical cruising road load. It is clear 
that in order to be able to satisfy the high power demand 
associated with a rapid acceleration, that the more com- 
mon and thus highest energy consuming modes like 
point B would not be satisfied with highest efficiency 
from a single motor. Therefore, the variation shown in 
Fig. 3 allows the motor displacement control system to 



6 

pick, from among motors 4, 4' and 4", responsive to driv- 
er power demand detected by accelerator pedal position 
sensor 28 and vehicle speed detected by speed sensor 
33, that motor (or motors) having the size and displace- 

s ment that most closely corresponds to the highest effi- 
ciency for the detected vehicle speed and power de- 
mand. The choice of the number of motors is based on 
an efficiency versus cost trade-off analysis. 
[0022] The use of multiple motors also allows tow-cost 

to direct wheel drives and low-cost 4-wheel direct drive. 
Individual motors can power each wheel (Fig. 6), or di- 
rect wheel drive and differential drive can be combined 
(Fig. 5). Thus, the embodiment of Fig. 5 includes motors 
4, 4 1 and 4" and motor controllers 22, 22' and 22", while 

15 the embodiment of Fig. 6 includes motors 4, 4', 4" and 
4"' and motor controller 22, 22', 22" and 22"\ 
[0023] Fig. 7 illustrates the major components of a fifth 
embodiment Fig. 7 shows the CST integrated into a hy- 
draulic hybrid propulsion system which incorporates re- 

20 generative braking in an efficient and low cost manner. 
The hydraulic motors 4, 4' and 4" can easily be operated 
as pumps by reversing the flow of hydraulic fluid to pump 
fluid from the low pressure reservoir 7 to the second ac- 
cumulator 8, through flow control valve 9, thus recover- 

25 ing kinetic energ/ when braking the vehicle and storing 
it in accumulator 8 for later re-use, for example, for high 
power 'demands such as accelerations. Accumulator 8 
is sized to be sufficient to store a full braking event plus 
whatever reserve is desired for further load-leveling and 

30 reduction in the size of engine 1 . A variation on this em- 
bodiment would be the combination of the two accumu- 
lators. into a single unit - 

[0024]. - Fjg.- 8 . illustrates a sixth embodiment which 

adds a second engine 10 and pump 11 for a trailer-tow- 
35. ing option and/or to allow yet another reduction in size 

of engine 1 .. The closer engine 1 can be sized to the 
. average-power demand of the vehicle (e.g., 10 horse 

power) the more efficient on average and lower cost it 
willi>e-. 

40 [0025] The present invention allows a conventional 
vehicle to be fitted with a significantly smaller engine (e. 
g., 20-40% smaller) while still maintaining the same ve- 
hicle performance (i.e., acceleration and responsive- 
ness) because it can always apply the maximum torque 

45 producible by the engine to the wheels as compared to 
a much lower, average value associated with conven- 
tional, limited gear transmissions. 
[0026] The present invention is especially well suited 
for hybrid vehicle applications (i.e., vehicles which have 

50 two or more power supplies available for powering the 
vehicle). It has all the advantages of the conventional 
vehicle application, plus it allows the primary power sup- 
ply to be sized even closer to the average power de- 
mand of the vehicle (as compared to the peak power 

55 demand required with a conventional vehicle), extract- 
ing much greater efficiency gains while maintaining the 
performance characteristics of a much larger engine ^e. 
g., 20 horsepower rather than 120 horsepower). 
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nication with the second conduit means; 
power demand sensing means (28) sensing a 
power demand by a driver of the vehicle for ac- 
celeration or deceleration of the vehicle; 
5 a pressure detector <30) detecting pressure 

within the accumulator (6) and for generating a 
pressure signal representative of the detected 
pressure; 

a motor controller (22); and 
10 a pump controller (20), characterized in that 

said motor controller (22) controls displace- 
ment of the fluidic motor (4) responsive to the 
sensed power demand and the pressure signal; 
and in that 

15 said pump controller (20) reduces displace- 

ment of the pump (2) responsive to a drop in 
the detected pressure indicated by the pres- 
sure signal, thereby increasing the speed of the 
engine (1), and for increasing displacement of 

20 the pump (2) when the engine speed increases 

to a predetermined value. 



[0027] The present invention allows operation at or 
near the maximum efficiency of the engine by causing 
the engine to supply the needed power through a rapid 
increase in speed and allows even a small engine to fol- 
low the torque demand of the driver through a rapid 
change in engine speed without hesitation or jerk in the 
transition to increased torque at the wheels, while not 
requiring an increase in fuel rate per combustion event. 
This feature further allows the use of a much simpler 
and therefore much lower cost engine fuel supply sys- 
tem wherein a constant or near constant quantity of fuel 
is supplied for each combustion event. 
[0028] Thus, the present invention provides a contin- 
uously variable transmission (CVT) that is unique in its 
ability to transition to a greatly increased torque to the 
wheels without experiencing the conventional hesitation 
and/or jerk associated with the sudden engine speed 
change of "down shifting," experienced both in mechan- 
ical fixed gear "standard" transmissions and in conven- 
tional "automatic" transmissions. 
[0029] The invention may be embodied in other spe- 
cific forms without departing from the essential charac- 
teristics thereof. The present embodiments are there- 
fore to be considered in all respects as illustrative and 
not restrictive, the scope of the invention being indicated 
by the appended claims rather than by the foregoing de- 
scription, and all changes which come within the mean- 
ing and range of equivalency of the claims are therefore 
intended to be embraced therein. 
[0030] Where technical features mentioned in any 
claim are followed by reference signs, those reference 
signs have been included for the sole purpose of in- 
creasing the intelligibility of the claims and accordingly, 
such reference signs do not have any limiting effect on 
the scope of each element identified by way of example 
by such reference signs. 



Claims 

1. A drive train for a vehicle having front and rear 
wheels (5), comprising: 

at least one fluidic motor (4 ), having an inlet and 
an outlet, driving at least one of the wheels (5); 
at least one pump (2) producing a flow of hy- 
draulic fluid to drive the fluidic motor (4), the 
pump (2) having an outlet connected by first 
conduit means (3) to the inlet of the fluidic motor 
(4) and an inlet connected by second conduit 
means to the outlet of the fluidic motor (4); 
at least one engine (1) driving the pump (2) at 
a variable speed; 

a fluid accumulator (6) in fluid communication 
with the first conduit means (3) and containing 
pressurized gas in a gas space and a quantity 
of the hydraulic fluid; 

at least one fluid reservoir (7) in fluid commu- 



2. A drive train in accordance with claim 1 comprising: 

a plurality of fluidic motors (4, 4', 4") connected 
in parallel, each having a different capacity and 
each having an inlet connected to the first con- 
duit means (3) and an outlet connected to the 
second conduit means;; • z.c-:~ 
vehicle speed sensor means (33) for detecting 
vehicle speed; 

plural motor controllers (22- ■ 22", 22"), each mo- 
tor controller (22 r 22\ 22") controlling displace- 
ment of one of the plurality of fluidic motors (4, 
4', 4"); and 

computer means<32) for receiving signals from 
the power demand sensing means (28), the 
pressure detector (30) and the vehicle speed 
sensor (33), for selecting the displacement of 
at least one of the fluidic motors (4, 4\ 4") in 
accordance with received signals and for send- 
ing a control signal to the motor controller (22, 
22', 22") associated with the selected fluidic 
motor (4, 4', 4") for operation in accordance with 
the sensed power demand and for sending a 
control signal to the pump controller (20) for 
changing displacement of the pump (2) respon- 
sive to the pressure signal (Fig. 3). 

A drive train in accordance with claim 1 wherein the 
fluidic motor (4) drives a pair of the wheels (5) and 
wherein the drive train further comprises second 
and third fluidic motors (4\ 4"), each of the second 
and third fluidic motors (4', 4") driving a wheel (5) 
other than the pair of wheels (5), and plural motor 
controllers (22*, 22"), each motor controller (22', 
22") controlling one of the fluidic motors <4\ 4") re- 
sponsive to the sensed power demand (Fig. 5). 
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4. A drive train in accordance with claim 1 further com- 
prising second, third and fourth fluidic motors (4\ 
4", 4*"), each of the fluidic motors (4\ 4", 4"') driving 
one of the wheels (5), and a plurality of motor con- 
trollers (22\ 22V 22"), each of the motor controllers 5 
(22\ 22", 22 m ) controlling displacement of one of the 
fluidic motors (4\ 4", 4"') responsive to the sensed 
power demand (Fig. 6). 

5. A drive train in accordance with claim 1 further com- 10 
prising a second pump (11) and a second engine 
(10) for driving the second pump (11), the second 
pump (11) having an outlet in fluid communication 
with the first conduit means (3) and an inlet in fluid 
communication with a second fluid reservoir, the en- 15 
gine (1) being sized to provide the average power 
demanded of the vehicle at high efficiency and the 
second engine (10) being of a substantially greater 
size than the engine (1) (Fig. 8). 

6. A method for operating a hybrid vehicle having at 
least one combustion engine (1) and a drive train 
as defined in claim 1, the method comprising: 

detecting speed of the engine (1); 
detecting fluid pressure within the accumulator 
(6); 

sensing power demand on the vehicle; 
changing displacement of the fluidic motor (4) 
responsive to the sensed power demand and 
the detected fluid pressure to meet the power 
demand and to maintain at least a minimum 
pressure with the accumulator (6); and 
controlling displacement of the pump (2), re- 
sponsive to the detected pressure, to maintain 
the detected engine speed within a range pre- 
determined based on engine efficiency. 



Patentansprtiche 

1. Ein Antriebsstrang fflr ein Fahrzeug, das uber Vor- 
derund Hinterrader (5) verfuge und der folgendes 
umfasst: 

mindestens einen Fluidmotor (4), der Qber ei- 
nen Einlass und einen Auslass verfugt und der 
mindestens eines der Rader (5) antreibt; 
mindestens eine Pumpe (2), die eine Stromung 
eines Hydraulikfluids erzeugt, urn den Fluidmo- 
tor (4) anzutreiben, wobei die Pumpe (2) einen 
Auslass hat, der durch erste Leitungsmittel <3) 
mit dem Einlass des Fluidmotors (4) verbunden 
ist, und einen Einlass hat, der durch ein zweites 
Leitungsmittel mit dem Auslass des Fluidmo- 
tors (4) verbunden ist; 

mindestens einen Motor (1), der die Pumpe (2) 
mit einer verandertichen Geschwindigkeit an- 



treibt; 

einen Fluidakkumulator (6), der mit dem ersten 

Leitungsmittel (3) in Fluidverbindung steht und 

der Druckgas in einem Gasraum und eine Men- 

ge an Hydra ulikfluid enthalt; 

mindestens einen Fluidbehaiter (7), der mit 

dem zweiten Leitungsmittel in Fluidverbindung 

steht; 

ein Leistungsbedarf-Sensormittel (28), das ei- 
nen Leistungsbedarf eines Fahrzeugfflhrers 
abtastet, urn das Fahrzeug zu beschleunigen 
oder zu verlangsamen; 

einen Druckdetektor (30), der den Druck inner- 
halb des Akkumulators (6) erfasst und ein 
Drucksignal erzeugt, das den erfassten Druck 
darstellt, 

einen Motorregler (22); und 

einen Pumpenregler (20), dadurch gekenn- 

zeichnet, dass 

der Motorregler (22) ais Reaktion auf den ab- 
getasteten Leistungsbedarf und das Drucksi- 
gnal die Verdrangung des Fluidmotors (4) steu- 
ert; und dadurch, dass 

der Pumpenregler (20) die Verdrangung der 
Pumpe (2) als Reaktion auf einen Abfall im er- 
fassten Druck reduziert, der vom Drucksignal 
erfasst wird, wodurch die Motordrehzahl (1) er- 
hdht wird, und urn die Verdrangung der Pumpe 
(2) zu erhohen, wenn die Motordrehzahl auf ek 
nen vorbestimmten Wert steigt. 

2. Ein Antriebsstrang gemaB Anspruch 1 , der folgen- 
des umfasst: 

eine Mehrzahl an Fluidmotoren (4, 4*, 4"), die 
parallel verbunden sind und jeweils eine ande- 
re Kapazitat haben und jeweils einen mit dem 
ersten Leitungsmittel (3) verbundenen Einlass 
und einen mit dem zweiten Leitungsmittel ver- 
bundenen Auslass haben; 
ein Fahrzeuggeschwindigkeits-Sensormittel 
(33), urn die Fahrzeuggeschwindigkeit zu er- 
fassen; 

mehrere Motorregler {22, 22', 22"), wobei jeder 
Motorregler (22, 22', 22") die Verdrangung von 
einem der Mehrzahl an Fluidmotoren (4, 4', 4") 
steuert; und 

ein Computermittel (32) zum Empfangen der 
Signale vor Leistungsbedarf-Sensormittel (28), 
vom Druckdetektor (30) und vom Fahrzeugge- 
schwindigkeits-Sensor (33), damit die Verdran- 
gung von mindestens einem der Fluidmotoren 
(4, 4', 4") in Obereinstimmung mit den ernpfan- 
genen Signalen ausgewahlt wird und damit an 
den mit dem ausgewahlten Fluidmotor (4, 4', 
4") verknQpften Motorregler (22, 22', 22") ein 
Steuersignal ftir den Betrieb in Obereinstim- 
mung mit dem abgetasteten Leistungsbedarf 
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Qbertragen wind, und darnit ein Steuersignal an 
den Pumpenregler (20) Qbertragen wind, urn als 
Reaktion auf das Drucksignal die Verdrangung 
der Pumpe (2) zu andern (Fig. 3). 

5 

Ein Antriebsstrang gernaR Anspmch 1 t worin der 
Fluidmotor (4) ein Radpaar (5) antreibt und worin 
der Antriebsstrang weiterhin einen zweiten und drit- 
ten Fluidmotor (4*. 4") umfasst, wobei der zweite 
und der dritte Fluidmotor (4', 4") jeweils ein Rad (5) 10 
antreiben, das nicht das Radpaar (5) ist, und meh- 
rere Motorregler(22\ 22") umfasst, wobei jeder Mo- 
torregler (22', 22") einen der Fluidmotoren (4\ 4") 
als Reaktion auf den abgetasteten Leistungsbedarf 
steuert (Fig. 5). is 

Ein Antriebsstrang gemdft Anspruch 1 , der weiter- 
hin einen zweiten, dritten und vierten Fluidmotor (4*. 
4", 4'") umfasst, wobei jeder Fluidmotor (4', 4", 4'") 
eines der RSder (5) antreibt, und eine Mehrzahl an 20 
Motorreglem (22', 22", 22'") umfasst, wobei jeder 
der Motorregler (22\ 22", 22"*) die Verdrangung von 
einem der Fluidmotoren (4', 4", 4"') als Reaktion auf 
den abgetasteten Leistungsbedarf steuert (Fig. 6). 

25 

Ein Antriebsstrang gem§& Anspruch 1 , der weiter- 
hin eine zweite Pumpe (11) und einen zweiten Mo- 
tor (10) zum Antreiben der zweiten Pumpe (11) um- 
fasst, wobei die zweite Pumpe (11) einen mit dem 
ersten Leitungsmittel (3) in Fluidverbindung stehen- 30 
den Auslass und einen mit einem zweiten Fluidbe- 
tialter in Fluidverbindung stehenden Einlass hat, 
wobei der Motor (1 ) so dimensioniert ist, urn die vom 
Fahrzeug angeforderte durchschnittliche Leistung 
bei hohem Wirkungsgrad bereitzustellen, und wo- 35 
bei der zweite -Motor (10) im wesentlichen gro&er 
ist als der Motor (1) (Fig. 8). 

Ein Verfahren zum Betreiben eines Hybridfahr- 
zeugs, das mindestens einen Verbrennungsmotor 40 
(1) hat, und einen Antriebsstrang, wie im Anspruch 
1 definiert, wobei das Verfahren folgendes umfasst: 

das Erfassen der Drehzahl des Motors (1); 

das Erfassen des Fluiddrucks innerhalb des 45 

Akkumulators (6); 

das Abtasten des Fahrzeug-Leistungsbedarfs; 
das Andern der Verdrangung des Fluid motors 
(4) als Reaktion auf den abgetasteten Lei- 
stungsbedarf und des erfassten Fluiddrucks, 50 
um dem Leistungsbedarf zu befriedigen und 
urn zumindest einen Mindestdruck mit dem Ak- 
kumulator (6) aufrechtzuerhalten; und 
das Steuern der Verdrangung der Pumpe (2) 
als Reaktion auf den erfassten Druck, um auf 55 
der Grundlage des Motorwirkungsgrads die er- 
fasste Motordrehzahl innerhalb eines vorbe- 
stimmten Bereichs zu halten. 



Revendications 

1. Transmission pour un vehicule ayant des roues 
avant et arriere (5), comportant : 

au moins un premier moteur fluidique (4), ayant 
une entree et une sortie, entramant au moins 
une des roues (5); 

au moins une pompe (2) produisant un ecoule- 
ment de fluide hydraulique pour entratner le 
moteur fluidique (4), la pompe (2) ayant une 
sortie connectee par Pintermediaire de pre- 
miers moyens formant conduit (3) a I'entree du 
moteur fluidique (4), et une entree connectee 
par I'intermediaire de seconds moyens formant 
conduit a la sortie du moteur fluidique (4); 
au moins un moteur (1) entrainant la pompe a 
une vitesse variable; 

un accumulates de fluide (6) en communica- 
tion de fluide avec les premiers moyens for- 
mant conduit (3) et contenant du gaz sous pres- 
sion dans un espace de gaz et une quantite du 
fluide hydraulique; 

au moins un premier reservoir de fluide (7) en 
communication de fluide avec les seconds 
moyens formant conduit; 
des moyens de detection de demande de puis- 
sance (28) detectant une demande de puissan- 
ce du conducteurdu vehicule pour une accele- 
ration ou une deceleration du vehicule; 
un detecteurde pression (30) detectant la pres- 
sion a I'interieur de Taccumulateur (6), et pour 
creer un signal de pression representatif de la 
pression detectee; 
un regulateur de moteur (22); et 
un regulateur de pompe (20), caracterisee en 
ce que 

ledit regulateur de moteur (22) commande la 
cylindree du moteur fluidique (4) en reponse a 
la demande de puissance et au signal de puis- 
sance detectes; et en ce que 
ledit regulateur de pompe (20) reduit la cylin- 
dree de la pompe (2) en reponse a une chute 
de la pression detectee indiquee par le signal 
de pression, en faisant ainsi augmenter la Vi- 
tesse du moteur (1), et pour augmenter la cy- 
lindree de la pompe (2) iorsque la Vitesse du 
moteur augmente jusqu'a une valeur predeter- 
mines 

2. Transmission selon la revendication 1 , comportant : 

une pluralite de moteurs fluidiques (4, 4', 4") 
connectes en parallels, chacun ayant une ca- 
pacity differente et chacun ayant une entree 
connectee aux premiers moyens formant con- 
duit (3) et une sortie connectee aux seconds 
moyens formant conduit; 



13 



EP 0 854 793 B1 



14 



des moyens capteurs de Vitesse de vehicule 
(33) pour detecter la Vitesse du vehicule; 
plusieurs regulateurs de moteur (22, 22\ 22"), 
chaque regulateur de moteur (22, 22', 22") 
commandant la cylindree d'un moteur parmi la 5 
pluraiite de moteurs fluidiques (4, 4*, 4"); et 
des moyens inform atiques (32) pour recevoir 
des signaux des moyens de detection de de- 
mand e de puissance (28), du detecteur de 
pression (30) et du capteur de vitesse de vehi- w 
cule (33), pour setectionner la cylindree d'au 
moins un des moteurs fluidiques (4, 4', 4") con- 
formement aux signaux recus, et pour envoyer 
un signal de commande vers le regulateur de 
moteur (22, 22', 22") associe au moteur fluid i- « 
que selectionne (4, 4', 4") pourfonctionnercon- 
formement a la demande de puissance detec- 
tee, et pour envoyer un signal de commande 
vers le regulateur de pompe (20) pour modifier 
la cylindree de la pompa (2) en reponse au si- 20 
gnal de pression (figure 3). 

Transmission selon la revendication 1, dans laquel- 
le le moteur fluidique (4) entraTne une paire de 
roues (5), etdans laquelle la transmission comporte 25 
de plus des deuxieme et troisieme moteurs fluidi- 
ques (4\ 4"), chacun des deuxieme et troisieme mo- 
teurs fluidiques (4', 4") entraTnant une roue (5) autre 
que la paire de roues (5), et plusieurs regulateurs 
de moteur (22', 22"), chaque regulateur de moteur 30 
(22*. 22") commandant un des moteurs fluidiques 
(4', 4") en reponse a la demande de puissance de- ■■ 
tectee (figure 5). y> 

Transmission selon la revendication 1, comportant 35 
de plus des deuxieme, troisieme etquatrieme mo- 
teurs fluidiques (4', 4", 4'"), chacun des moteurs flui- 
diques (4', 4", 4'") entraTnant une des roues (5), et 
une pluraiite de regulateurs de moteur (22', .22", 
22'"), chacun des regulateurs de moteur (22', 22", 40 
22"*) commandant la cylindree d'un des moteurs 
fluidiques (4', 4", 4'") en reponse a la demande de 
puissance detectee (figure 6). 

Transmission selon la revendication 1, comportant 45 
de plus une seconde pompe (11) et un second mo- 
teur (10) pour entraTner la seconde pompe (11), la 
seconde pompe (11) ayant une sortie en communi- 
cation de fluide avec les premiers moyens formant 
conduit (3), et une entree en communication de flui- 50 
de avec un second reservoir de fluide, le moteur (1 ) 
etant dimensionne pour fournir la puissance 
moyenne demandee du vehicule a un rendement 
eleve, et le second moteur (10) ayant une taille sen- 
siblement plus grande que le moteur (1) (figure 8). 55 

Precede pour faire fonctionner un vehicule hybride 
ayant au moins un moteur a combustion (1) et une 



transmission telle que defmie dans la revendication 
1, le precede comportant les e tapes consistant a : 

detecter la vitesse du moteur (1 ); 

detecter la pression de fluide a I'interieur de 

I'accumulateur (6); 

detecter la demande de puissance du vehicule; 
modifier la cylindree du moteur fluidique (4) en 
reponse a la demande de puissance detectee 
et a la pression de fluide detectee pour satis- 
faire a la demande de puissance et pour main- 
tenir au moins une pression minima le avec I'ac- 
cumulateur(6); et 

commander la cylindree de la pompe (2), en re- 
ponse a la pression detectee, pour maintenir la 
vitesse du moteur detectee dans une plage pre- 
determinee sur la base du rendement du mo- 
teur. 
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